5.
To carry out an exploratory analysis to assess the value of combining the best three index tests where the three tests each have some predictive ability of their own, and individual studies include participants who had all three tests.
We will explore sources of heterogeneity of diagnostic accuracy of individual clinical and physical signs that show some evidence of discrimination by the reference standard used, cut off value for tests providing continuous data, type of participants (communitydwelling older people, those in residential care, and those in hospital), sex, and baseline prevalence of dehydration.
B A C K G R O U N D Target condition being diagnosed
Dehydration is defined as "loss or removal of fluid" from the body and occurs when fluid intake fails to fully replace fluid losses in the body (Churchill Livingstone Medical Dictionary 2008). Causes in older people may include diarrhoea, exudation (from burns or other raw areas), increased sweating, polyuria (frequent urination), bleeding, vomiting and/or inadequate fluid intake. The resultant hypovolaemia (decrease in blood plasma volume) is accompanied by electrolyte balance disruption (Churchill Livingstone Medical Dictionary 2008). The most extreme manifestation of dehydration is hypovolaemic shock, which requires emergency medical treatment. Hypovolaemic shock symptoms can include cool and clammy skin, reduced urine output, flattening of veins in the neck, altered mental state, low pulmonary wedge pressure, low cardiac index and high systemic vascular resistance index (Goldman 2004) . Milder dehydration is common in older people. The Dehydration Council suggests that dehydration is a complex condition resulting in a reduction in total body water (TBW) (Thomas 2008). It can be classified as water-loss dehydration (due to water deficit, which can be hypernatraemic (high blood sodium levels) or hyponatraemic (low blood sodium levels) in the presence of hyperglycaemia (high blood glucose)); or salt-loss dehydration (due to salt and water deficit, generally hyponatraemic, rarely isotonic (the same concentration of solutes as blood)). Serum osmolality is the osmolar concentration or osmotic pressure of serum, so reflects the number of dissolved particles (whether they are able to permeate cell membranes or not) per kilogram of serum. Serum osmolality of 275 to < 295 mOsmol/kg is considered normal; 295 to 300 mOsmol/kg suggests impending water-loss dehydration; and > 300 mOsmol/kg suggests current water-loss dehydration. In water-loss dehydration either serum sodium or glucose levels are raised and hypotonic fluids must be given. Impending (mild or pre-clinical) water-loss dehydration is an intermediate stage that may indicate long term chronic fluid deficiency, which may not progress, or an early stage of dehydration before onset of current dehydration. Impending dehydration may indicate a point at which an intervention to reverse dehydration, prevent medical emergency and reduce the risk of current dehydration, can be applied. Rapid medical intervention is needed for current (severe or clinical) water-loss dehydration because electrolyte disturbance and volume reduction is a significant health risk. Dehydration in older people is associated with high risk of adverse health outcomes and death (Waikar 2009; Warren 1994) . Dehydration contributes to many of the major causes of death and morbidity in older people. Adverse health outcomes associated with dehydration in older people include falls, fractures, heart disease, confusion, delirium, heat stress, constipation, kidney failure, pressure ulcers, poor wound healing, suboptimal rehabilitation outcomes, infections, seizures, drug toxicity, and reduced quality of life (Chan 2002 2004). The estimated avoidable cost to the 1999 US healthcare system of older people admitted to hospital with primary diagnoses of dehydration was USD1.1 to USD1.4 billion annually, and admission rates appeared to be rising (Xiao 2004). Early identification, prevention and treatment of dehydration in the community would benefit older people and reduce healthcare costs. The prevalence of dehydration in frail older people varies by setting and level of care required, as well as how hydration status is assessed. It has been asserted that hydration is well maintained in older people living independently, maintaining normal patterns of eating and drinking, but dehydration can develop following illness, depression, surgery, trauma or other physically stressful situations (Luckey 2003). However, recent evidence suggests that the prevalence of dehydration in independent community-dwelling older people is higher than previously thought. Plasma osmolality, measured in a US population of 15,000 people aged from 20 to 90 years (from the NHANES III cohort), found that 40% of those aged 70 to 90 years had impending water-loss dehydration, and a further 28% had current dehydration (high plasma tonicity, > 300 mmol/L) (Stookey 2005a). Another large US survey found that 50% of older people had elevated plasma tonicity. Both findings may relate to a high prevalence of elevated glucose, rather than hypernatraemia (Stookey 2005b; Thomas 2008). Dehydration becomes more common as people age because the thirst response decreases (De Castro 1992), ability to retain salt and fluid falls as kidney function decreases, kidney and urinary disease increase (Davies 1995; Lindeman 1985) , and total body fluid reduces (Olde Rikkert 1997; Olde Rikkert 2009). Medications such as diuretics, laxatives, angiotensin-converting enzyme inhibitors (ACEi), psychotropic medications and polypharmacy (Mentes 2006a), as well as increased dependence on carers to provide drinks, also increase dehydration risk. Older people living in residential care represent an extremely frail population. In the UK, 4% of the growing number of older people live in care homes or long-stay hospitals; rising to 21% of those aged 85 years and over (National Care Homes R&D Forum 2007). In our own research in Norfolk (UK) aged care homes we found that on a single assessment of 56 residents (from six institutions), 17 (30%) residents were dehydrated (with a furrowed tongue). A year later rates were lower (21%) and the risk of being dehydrated at the second visit did not relate to hydration status at first visit (Kenkmann 2010). A Californian nursing home study found that 31% of residents were dehydrated (11% of elderly residents were hospitalised for dehydration, 6% were given intravenous rehydration, and 14% were found to have blood urea nitrogen/creatinine ratio greater than 25 mg/dL) at some point over six months (Mentes 2006a). However, point prevalence dehydration was reported to be 1.4% in Missouri nursing homes (Thomas 2008). A small study of US nursing home residents suggested that most participants did not drink enough fluid (39/40 drank less than 1.5 L/ day), and drank little between meals. Factors contributing to low fluid intake included clinical (dysphagia, functional impairment, dementia, and pain); social (lack of attention to drink preferences, inability of residents to communicate with staff, and lack of social support); and institutional factors (untrained and unsupervised staff ). Suggested interventions to help prevent dehydration in older adults living in care homes include education and involvement of staff, use of social times, drinks carts and water jugs to support drinking habits, encouraging relatives to offer residents drinks, monitoring urine colour, drinking more in hot weather, being aware of medications and health conditions that increase fluid requirements, and providing specific support for those with swallowing problems (Mentes 2006a; Water UK 2006). However, many interventions have not been tested or were tested using methodology with moderate risk of bias such as before-after studies (Robinson 2002) or provided equivocal results (Culp 2003; Mentes 2003) . A systematic review that aimed to "identify the factors that increase the risk of dehydration in older adults, how best to assess the risk and manage oral fluid intake" concluded that few data were available to answer these questions (Hodgkinson 2003) . Perhaps the first stage in prevention of dehydration in older people is recognising the condition when it occurs, so that is it clear whether it is an institutional problem and if measures to reduce dehydration have been successful. Additionally, recognising early signs of dehydration (impending dehydration) would enable early intervention of preventive measures. This review will focus on the clinical and physical signs of waterloss dehydration as distinct from salt-loss dehydration or volume depletion due to blood loss because it is likely that with underlying differences in physiology and impact, there will be differences in clinical and physical signs.
Reference standard for dehydration
In the absence of a consensus definition or gold standard test of dehydration, we will use two reference standards for water-loss dehydration. There are several approaches in situations where a reference standard is imperfect, but generally involve creation of a feasible reference standard (Reitsma 2009b). For dehydration due to reduced fluid intake, feasible reference standards for initial assessment of dehydration include raised serum osmolality or a large and rapid change in body weight (McGee 1999).
Serum osmolality has a clinical advantage in that it can be assessed as a single measure (does not require prior knowledge or measurements), and because osmolality is controlled by the body, any change suggests problems in body biochemistry. Disadvantages are that if body fluids are lost along with electrolytes (through loss of blood or sweat) then fluid may be lost without alteration of osmolality. However, this review is concerned with reductions in body fluid relating to conscious or unconscious reductions in fluid intake with or without increased losses due to variables such as use of diuretics, fever, diabetes insipidus, dysregulated diabetes mellitus, increased perspiration, or hot dry surroundings. In such situations where body fluids are lost overall, the response is likely to be increased osmolality (Thomas 2008). Serum and plasma osmolality appear to be useful markers of water-loss dehydration in the absence of tracking over time (Cheuvront 2010). Total body weight is the sum of body fluid, fat, muscle, organs and bone, and the weight of body fluid is difficult to disentangle from total weight. However, fluid is the body component with the ability to alter most quickly, so that a substantial change in body weight over a short period of time will relate most directly to fluid status (Cheuvront 2010; Shirreffs 2003). For this reason, a reduction of ≥ 3% of body weight within seven days may be considered to be a clear sign of dehydration, as would an increase of ≥ 3% of body weight on rehydration within seven days. This relies on more than one assessment, and the assessments need to be accurate and account for issues such as constipation or oedema (Cheuvront 2010). TBW can be estimated by deuterium oxide dilution and therefore change in TBW can be assessed over time (Schloerb 1950) . A fall in body water of 2% or more could be considered to constitute dehydration, however due to the variance in assessment of TBW (1% to 2%), this will not be used as a reference standard. A single measure of TBW has not been correlated with hydration status in older people, so cannot be used as a reference standard on its own.
Index test(s)
To protect the health of older people, and prevent emergency hospital admissions, primary and care home staff must recognise and treat dehydration early. While a biochemical assessment may be the best state (one time) indicator of dehydration in a clinical setting (Thomas 2008) these tests are not generally available in community, primary or residential care settings (Leibovitz 2007). A systematic review of the diagnostic accuracy of physical signs of hypovolaemia, which included studies published to late 1997, found that in the few relevant studies there was limited evidence that in older people with vomiting, diarrhoea or reduced fluid intake that dry armpits (axilla) supported the diagnosis of hypovolaemia (positive likelihood ratio 2.8, 95% CI 1.4 to 5.4), and moist mucous membranes or a tongue without furrows supported lack of hypovolaemia (negative likelihood ratio for each 0.3, 95% CI 0.1 to 0.6). Capillary refill time and poor skin turgor (elasticity)
were not diagnostic (McGee 1999) . A recent Australian cohort study found that systolic blood pressure drop on standing, sternal skin turgor, tongue dryness and body mass index were good indicators of early dehydration on hospital admission. However, these factors were compared with physician assessment of hydration status that may have included some or all of these clinical signs (Vivanti 2008). Other state methods proposed to diagnose dehydration include assessment of urine colour, urine specific gravity, saliva osmolality, urine volume, sunken eyes, rapid pulse, postural pulse increment, severe postural dizziness, fluid balance charts, upper body weakness, bioelectrical impedance, and checklists of risk factors ( A systematic review that searched literature to 1995 found that early diagnosis of dehydration in older adults can be difficult because "the classical physical signs of dehydration may be absent or misleading in an older patient" suggesting that even index tests established in younger people cannot be assumed to be useful in older people (Weinberg 1995). Although some tests are probably not useful in older people, others may indicate dehydration risk, early stages of dehydration, or current dehydration. It is likely that a portfolio of assessments would be needed to usefully assess stage and type of dehydration among people in residential care without indicating that all residents are at high risk (Wotton 2008).
Rationale
Currently available evidence on water-loss dehydration in older people is inconsistent. It is vital both for the health and well-being of older people and to reduce unplanned emergency hospital admissions, that the risk of water-loss dehydration is reduced, methods of assessing dehydration risk are developed, impending dehydration in older people in the community and residential care are recognised, and early referral for diagnosis and treatment is carried out where appropriate. A valid, simple and non-invasive screening test for dehydration for older adults in the community would better enable:
• identification of older adults with impending water-loss dehydration so that measures can be taken to improve fluid status;
• monitoring progress of such older people;
• identification of older adults with likely current water-loss dehydration so that further testing or rapid medical support or both can be provided;
• identification of settings where there is a high risk of dehydration so that public health measures to improve hydration may be taken; and
• assessment of effects of interventions to improve hydration in individuals and populations.
O B J E C T I V E S
To determine the diagnostic accuracy of state, minimally invasive clinical and physical signs (or sets of signs) to be used as screening tests for detecting impending or current water-loss dehydration, or both, in older people by systematically reviewing studies that have measured a reference standard and at least one index test in people aged 65 years and over.
Secondary objectives
1. To assess the effect of different cut offs of index test results assessed using continuous data on sensitivity and specificity in diagnosis of impending or current water-loss dehydration.
2. To identify clinical and physical signs that may be used in screening for impending or current water-loss dehydration in older people.
3. To identify clinical and physical signs that are not useful in screening for impending or current water-loss dehydration in older people.
4. To directly compare promising index tests (sensitivity ≥ 0.60 and specificity ≥ 0.75) where two or more are measured in a single study (direct comparison).
5. To carry out an exploratory analysis to assess the value of combining the best three index tests where the three tests each have some predictive ability of their own, and individual studies include participants who had all three tests.
Investigation of sources of heterogeneity
M E T H O D S
Criteria for considering studies for this review
Types of studies
Diagnostic studies that compare an index test with a reference standard for impending dehydration or current dehydration or both in older people will be included. We will also include non-diagnostic accuracy studies such as cohort and cross-sectional studies where at least one reference standard and at least one index test were measured in at least 10 participants aged 65 years or over and with at least two participants with impending or current waterloss dehydration and at least two participants without water-loss dehydration. These studies will be included where the authors are able to provide a relevant 2 x 2 table comparing a reference with an index test, or a data set from which relevant 2 x 2 tables can be calculated. Where we have access to the full study data set we will exclude any participants who did not receive both the index test and the reference standard. We will attempt to access the full data sets (such as Excel spreadsheets or SPSS files) of all included studies.
Participants
People aged 65 years and over who are hospitalised, living in the community, or in institutions, in a developed country will be included. Participants will not have diagnosed kidney failure, heart failure, will not have recently been prepared for surgery or undergone surgery, but may have other chronic or acute illnesses, such as stroke, fracture, or infection. For mixed populations of older people that include participants aged under 65 years, we will exclude participants aged less than 65 years where we have access to the full data set; but, where only summary data are available, the study will only be included where the proportion of those under 65 years is less than 10%. In the same way, when using published data we will exclude studies with more than 10% of participants having one or more of the following: kidney failure, heart failure or a recent operation; and when using full study data sets, participants diagnosed with any of these conditions (according to individual study criteria) will be excluded from analysis.
Index tests
Single clinical or physical signs or a portfolio of signs and/or a checklist. Potential index tests for dehydration will include dry axilla and other markers of transepidermal water loss; dry mucous membranes; dry or furrowed tongue; extended capillary refill time and measures of skin blood flow; poor sternal skin turgor; systolic blood pressure drop on standing; urine colour; urine specific gravity; saliva osmolality; urine volume; sunken eyes; rapid pulse; postural pulse increment; postural dizziness; fluid balance charts; thirst; bad taste in the mouth; upper body weakness; measures of thermoregulation; bioelectrical impedance; and checklists of risk factors.
Target conditions
Water-loss dehydration (including both impending and current water-loss dehydration) is the primary target condition. Impending water-loss dehydration and current water-loss dehydration (treated as two separate conditions) will be secondary target conditions.
Reference standards
We will include studies that use either of two reference standards for water-loss dehydration, ordered in terms of their importance to make best use of the reference standard better able to represent water-loss dehydration in frail older people. The primary standard will be raised serum osmolality, followed by weight change.
Serum osmolality
• 295 to 300 mOsmol/kg suggests impending water-loss dehydration.
• Serum osmolality greater than 300 mOsmol/kg suggests current dehydration.
Weight change
Weight change may be naturally occurring or follow encouragement to limit fluid intake for a period, but not result from unusual levels of exercise or saunas (because these may result in dehydration that is metabolically distinct from naturally occurring dehydration).
• We will define impending dehydration as a reduction of 3% to 5% of body weight within seven days or less, or an increase of 3% to 5% of body weight within seven days as a sign that a person was dehydrated before rehydration.
• Current dehydration corresponds to changes of more than 5% of body weight.
• Weight change over a period less than seven days will not be multiplied up to the seven day equivalent.
Search methods for identification of studies
Search methods used will be based on guidelines for Cochrane diagnostic test accuracy reviews (de Vet 2008).
Electronic searches
A structured search strategy has been developed for MEDLINE (OvidSP), and adapted for EMBASE (OvidSP), CINAHL, BIO-SIS Previews and LILACS. The strategies for MEDLINE, EM-BASE and CINAHL are shown in Appendix 1. The DARE and HTA databases (in The Cochrane Library) will be searched for any relevant non-Cochrane reviews using a strategy adapted from the MEDLINE strategy. The International Clinical Trials Registry Platform (ICTRP) will be searched for ongoing studies using keywords derived from this search strategy. The CENTRAL database in The Cochrane Library will not be searched because research has shown that it does not contribute relevant studies for diagnostic test accuracy reviews (Whiting 2008). We will seek assistance from the Cochrane Renal Group's Trials Search Co-ordinator to search the Cochrane Register of Diagnostic Test Accuracy Studies for further relevant studies. No diagnostic methodology search filters will be employed as these appear unhelpful in reducing sensitivity (de Vet 2008; Whiting 2011).
Searching other resources
Reference lists of included studies and identified relevant reviews will be handsearched. Authors of included studies will be contacted for details of further relevant studies.
Data collection and analysis

Selection of studies
Titles and abstracts will be scanned and all potentially relevant studies will be obtained as full text studies. Inclusion of full text studies will be assessed independently in duplicate, and disagreements resolved by a third author. We will write to authors of all studies that appear to have collected data on at least one reference standard and at least one index test, and in at least 10 people aged 65 years and over, even where no comparative analysis has been published, requesting either that the original authors supply the relevant 2 x 2 table or the original data set so that we can create 2 x 2 tables. The latter is preferable because it enables the review authors to remove data relating to any participants aged under 65 years, or with heart failure or kidney disease, as well as providing potential to explore effects of different cut points for index tests that provide continuous data.
Data extraction and management
A data extraction form, including validity criteria, will be developed for the review and tested by all data extractors on two or three included studies. We will collect age, gender, health, functional status, and level of independence data for participants, as well as how each test was performed and assessed, timing of each test including how far apart in time the different tests were taken, and at what time of day. The data extraction form will be refined (with definitions and explanations added as required by the team), then data extraction will be carried out in duplicate for each included study. Authors who extract data will confer to agree on a final data extraction and validity data set for the review. Where items required for data extraction or validity assessment are designated as unclear, original study investigators will be contacted to obtain further details. Where complete data sets for included studies are sought from original investigators, we will request data on sex, age, presence or absence of diseases such as kidney and heart failure, and use of medications as well as results of our index tests and reference standards. In processing the data sets, we will ensure that details of each component of the data set are understood (when tests were taken, units, serum or urinary measures and so forth) by analysing the publication and from contact with original investigators. The data set will then be cleaned by removing data of participants aged less than 65 years; those with kidney disease, heart failure, or oedema; or who are perioperative or postoperative; and participants who have no reference standard data (the process, including losses of participants, will be logged). We will construct 2 x 2 tables (no dehydration versus impending or current dehydration) for each index test, one table for each dichotomous index test for each study, and three tables per continuous index test (one table for each of three cut off points). The three cut off points for continuous index tests will be consistent for all studies measuring that index test, and based on recommended cut offs in the literature (ideally), reference ranges (where recommended cut offs are not available) or will be data driven (taking a median, high and low data point, where no other source of cut offs exist). Data driven cut points will be set as the median in the data set, plus a value higher than the median and lower than the median. The higher cut point will be chosen as the point midway between the median and highest value present in the data set, and the lower cut point as the point midway between the median and the lowest value present. We will calculate sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratios and diagnostic odds ratio for each 2 x 2 table. This final data set for each included study will be used to complete tables of characteristics and validity.
Assessment of methodological quality
Assessment of methodological quality will be carried out independently in duplicate as part of data extraction. It will be based on the characteristics suggested by QUADAS, and reflected in the RevMan 5 program (Reitsma 2009a; Whiting 2006). Additionally, we will record whether the study was free of commercial funding. The qualities assessed are described in further detail in Appendix 2.
Statistical analysis and data synthesis
Analysis will be performed according to descriptions in the Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy (Macaskill 2010). Diagnostic accuracy of each clinical or physical sign will be assessed against the best available reference standard for impending and current water-loss dehydration (ideally serum osmolality, but weight change where osmolality is not available) within each study. The main analysis for each index test will assess ability to diagnose either impending or current dehydration (no dehydration versus impending plus current dehydration). Secondary analyses for each index test will assess ability to diagnose current dehydration (no or impending dehydration versus current dehydration) and to diagnose impending dehydration (no dehydration versus impending dehydration). Secondary analyses and exploration of heterogeneity will be conducted for index tests only where some evidence of discrimination is observed in the main analysis.
Individual study data for each index test will be presented in forest plots of sensitivity and specificity and in receiver operating characteristic (ROC) space, subgrouped by cut off for continuous index tests. We will conduct bivariate random-effects meta-analyses in Stata/ IC (StataCorp) for index tests where there are at least four studies or data sets on a single index test and data sets can be pooled (Reitsma 2005) to construct sensitivity and specificity summary estimates, and summary ROC curves. We will assign the same approach for index tests with continuous outcome data for each of the three cut off points investigated. Covariates will be incorporated into the bivariate model to examine the effects of factors that may be responsible for heterogeneity. The principal aim of this review is to identify the potential usefulness of index tests to identify or rule out impending or current dehydration. Because the index tests will be used to screen for dehydration in populations with little or no current screening, but among whom there are likely to be high levels of dehydration, initial tools will need to be quite specific. This will help to limit numbers of false positive results that may discredit future time spent in responding to positive results. Any level of sensitivity would be an improvement on the current lack of ability to detect most episodes of dehydration in the community, but clearly, the higher the sensitivity the better, while maintaining high specificity. We suggest that minimum specificity of a useful test would be 0.75, and minimum sensitivity would be 0.60 for both impending and current dehydration. These levels will be used as standards against which the utility of minimally invasive clinical and physical signs will be assessed. We will directly compare index tests that fulfil the minimum criteria of sensitivity ≥ 0.60 and specificity ≥ 0.75 where two or more are measured in a single study (direct comparison). The tests will be compared at their best cut off point, that is, the point that provides the best discrimination, its threshold nearest to the upper left quadrant of the ROC curve. We will also conduct bivariate meta-regression to explore including a binary covariate for index test to understand if the expected sensitivity and specificity or both differs between index tests (Macaskill 2010 ).
An exploratory analysis will assess the value of combining the best three index tests where each have some individual predictive ability, and studies included participants who had all three tests (or the value of combining two of the three best tests where this is feasible and assessing three is not).
Investigations of heterogeneity
Heterogeneity will be examined by considering study characteristics, visual inspection of forest plots of sensitivities and specificities, and examining ROC curves of raw data. Heterogeneity due to different cut off values for each index test will be examined by comparing results of the bivariate random-effects meta-analyses at each cut off point. The effects of reference standard type (serum osmolality or weight change), participant type (community-dwelling older people, those in residential care or in hospital), sex, and baseline prevalence of dehydration will be assessed (Leeflang 2009). Most will be study-level variables, but for mixed sex studies where we have the full study data set, we will produce separate 2 x 2 tables for men and women to enable more complete analysis.
Sensitivity analyses
We will assess the effect of four quality items: acceptable delay between tests; incorporation avoided; partial verification avoided; and withdrawals explained; on the results by using each quality assessment item as a covariate in bivariate regression. These four items have been chosen for sensitivity analyses because they are not explored within the investigations of heterogeneity and are potentially troublesome even though we will have access to full data sets for most included studies.
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